The objective of this study was to identify the lightning distribution by comparing of two lightning sensors located in Jakarta and Bandung. Using Storm Tracker Lightning Detector maintained by the Indonesia Agency for Meteorology, Climatology and Geophysics (BMKG), Cloud-to-Ground lightning (CG) analyzed with a various radius i.e. 0.1˚, 0.5˚ and 1.0˚. Storm Tracker Lightning Detector consists of an antenna connected to the PCI card and able to detect Low Frequency (LF) of radio signals generated by lightning (10 KHz to 200 KHz). The data used are based on the available records of near real time 15 minutes CG lightning data. This study aims at revealing ideally possible location of the lightning sensor to optimize lightning detection. For further analysis, the distribution of the CG lightning estimated in the target area located about the middle between Jakarta and Bandung. The analysis of lightning described by calculating the detection efficiency of lightning sensor and the analysis of lightning location error.
INTRODUCTION
Recently, lightning has come into the focus of scientific interest as well as shown on volcanic eruptions (Behnke et. al., 2012) , extremely intense forest fires (Kochtubajda et. al., 2006) , the heaviest precipitation and also some techniques and relevant studies for directly estimating rainfall from lightning observations (Michaelides et. al., 2009; Piepgrass et. al., 1982; Soula and Chauzy, 2001; Soula et. al., 1998; Septiadi et. al., 2016; Septiadi et. al., 2010) .
Lightning is a transient electrical discharge with a typical path length of hundreds of metres to kilometres which is occurring due to loss of electrical charge contained in the cloud, either positive or negative. Furthermore, as mentioned by Mather and Harrison (2006) and Price (2008) , lightning discharges may commonly be within a cloud (Intra Cloud, IC), among cloudto-cloud (Inter Cloud, CC) or from cloud to the ground (Cloud-to-Ground, CG). The CG lightning produces strong emission in the near surface on the radio waves of Low Frequency (LF) while the IC emits a radio wave signal from High Frequency (HF) to Very High Frequency (VHF) from the cloud as mentioned by Proctor (1991) ; Suszcynsky et. al. (2000) ; Thomas et. al. (2000) .
According to Finke and Kreyer (2002) ; Uman (2003) , lightning is formed in a successive phase with the initial process is within the cloud with enough of electric field and the process is almost visible discharge moves toward to the earth. Lightning can be detected from the surface and space by using an optical sensor. The electric radio waves or magnetic waves generated by the electric discharge within a certain frequency, such as the Low Frequency (LF, 30-300 KHz), Very Low frequency (VLF, 3-30 KHz), Extremely Low Frequency (ELF, 30-300 Hz), and Very High Frequency (VHF, 30-300 MHz) as mentioned by MacGorman and Rust (1998); Schumann and Huntrieser (2007) . Furthermore, the electrical charge released during a lightning event will produce very strong emissions across various spectrum channels, such as low frequency (LF) due to cloud to ground lightning (CG), as well as high frequency spectrum (VHF) due to lightning that occurs in the cloud (IC). Emissions in the form of electromagnetic waves will be detected by lightning instruments. Strong or weak lightning signal received by the instrument will affect the calculation of the distance and the location of lightning. Hence, there are several sources of error in lightning measurements: instrument calibration, lightning distance determination, and lightning location determination Cummins et. al. (2008); Demetriades et. al. (2010); Holleman et. al. (2006) .
As mentioned by Cummins et. al. (2008) , many researchers agree (Demetriades and Holle, 2005; Johnson et. al., 1982; Squires and Businger, 2008) , that lightning detection has a great value for realtime storm tracking, warning, and nowcasting. Unfortunately, until this moment in Indonesia, research of lightning is very limited, particularly lightning research based on near real time data by using a storm tracker lightning detector. Therefore, this paper tries to analyze CG lightning using a groundbased Storm Tracker lightning detector that is employing a Magnetic Direction Finding (MDF). Hence, by considering the accuracy and efficiency of the system, observation in this study is limited to the CG lightning. This study will be focused on the utilization of the CG lightning data following validation techniques. Furthermore, this paper also objectively tries to identify how the performance of a lightning detection system by examining either spatially or temporally the distributions of two lightning detection located in Jakarta and Bandung (see Fig. 1 ).
MATERIAL AND METHOD

A. Data collection and sensor performance
The study area is located in Jakarta (6˚ 12' 36.47" S and 106˚ 50' 38.04" E) and Bandung (6˚ 54' 51.90" S and 107˚ 36' 33.50" E) of Indonesia. Near real time (15 minutes) CG lightning data during January 2009 provided by the Indonesia Agency for Meteorology, Climatology and Geophysics (BMKG). All data then accumulated into daily data. Thus, during January 2009 obtained 31 samples (n=31) of lightning data. Two lightning sensors in Jakarta and Bandung compared and analyzed at the target area located on 6˚ 33' 21.89" S and 107 ˚13' 13.61 E with a distance ± 60 km from Jakarta or Bandung (see Fig. 1 ). Lightning detected by using ground-based Storm Tracker Lightning Detector (LD) that is employing a Magnetic Direction Finding (MDF) and consists of loop antenna were connected with PCI card and installed with a personal computer. LD is a single station sensor that can detect the direction and distance of lightning. Nevertheless, the LD sensor is included in the lightning instruments used by WMO members as the result of a survey evaluation by Dahoui (2010) .
LD itself has been used in more than 36 countries, including America, Australia, Netherlands, Germany, Japan, England, Spain and Indonesia. The lightning observation system built and developed by BOLTEK consists of an antenna and connected to a PCI card installed with a computer, detects LF signals (10 KHz to 200 KHz) and uses Direction Finding (DF) antenna to determine direction of lightning.
As mentioned by Kochtubajda et. al. (2006) and Kochtubajda et. al. (2002) , lightning analysis still resulting the uncertainties in the location accuracy and the detection efficiency of the network. Expected error range is 3-10 km within the high density region of the network and 12-22 km at its periphery, with an overall detection efficiency of about 70%. Electric discharge is released when the lightning and cause very strong emissions in various spectral bands from both LF due to CG lightning and the VHF due to IC lightning. Emissions in the form of electromagnetic waves will be detected by the lightning sensor (Finke and Kreyer, 2002) . Strong or weak lightning signals received sensors will affect the distance calculation and determination of the location of lightning. Currently, lightning instruments, whether in the single stations or multi stations, can not be calibrated yet. The World Meteorological Organization (WMO) as a world capable organization does not yet have an instrument standard for lightning measurements. Thus, each lightning instrument has its own specificity, especially in measuring the number of strikes. The calibration applied is only limited to factory calibrations which of course will be different for each manufacturer. Some lightning manufacturers like VAISALA Inc. just make comparisons with other observation measurements such as cloud cover to test instrument reliability as demonstrated by Cramer and Cummins, 1999; Demetriades and Holle, 2005; Holleman et. al., 2006. The detection efficiency of Storm Tracker lightning detector has been estimated by the number of measurements in the event of a storm, where the efficiency of each parameter for CG and IC lightning is 85% ± 6% and 20% ± 6% (Tinmaker and Ali, 2010) . The distance between the source of lightning and the instrument becomes important to know. A very possible mistake is the inability of the instrument to capture the lightning signal properly and correctly. This error may be caused by disturbances around the space through which lightning electromagnetic waves or disturbances around the instrument arise from the inappropriate placement of electronic equipment. Thus, the measured distance observed through the instrument is not an actual distance. 
B. Single station lightning measurement
Lightning measurements using a single station generally combines the Direction Finding (DF) method with the lightning source distance estimation technique of the instrument. The estimation of the lightning distance is performed using the ratio between the magnetic field (H) and the electric field (E) generated by the lightning strike. To estimate accurately the distance and position of the lightning, a single DF-based lightning measuring instrument uses an orthogonal magnetic antenna loop. An orthogonal and vertical antenna loop is used for the comparison or ratio of lightning electromagnetic signals in determining the angle of lightning strikes (Ibrahim and Ghazali, 2013) . The single station instrument working with a magnetic loop antenna North-South and East-West as well as coaxial cable to estimate the distance of lightning i.e the comparison between magnetic field (H) and electric field (E):
With H ω is a horizontal magnetic field and E ω is a vertical electric field. Since each magnetic antenna loop produces an angular (θ), V m dependent electric voltage between the loop plane and the signal source, the loop area (F) and the number of loops (n) then the electrical voltage formulation is calculated by using:
(2)
Meanwhile, lightning direction can be calculated using North-South (H ns ) magnetic field comparisons and East-West (H ew ) magnetic fields:
(3)
C. Statistics and filtering at a radius of 0.1°; 0.5° and 1.0°
Strong or weak correlations between lightning phenomena at two sensors location in the target area analyzed by using Pearson Product Moment (r) correlation as follows:
Pearson Product Moment Correlation is denoted as r with the provision that the value of r is -1 <r <+ 1). Suppose the value of r = -1 means that the correlation is perfectly negative; r = 0 means there is no correlation and r = 1 means the correlation is very strong. In detail, these values are shown in the following Meanwhile, Standar Deviation (σ) done to identify and analyze the dispersion of CG lightning data. The Standard Deviation is the positive square root of the variance. It has the advantage of being in the same units as the attribute (Olea, 2008) .
where : µ = the mean of data set n = number of elements in data set
x i = the i th element of the data set By default for the filtering analysis, the LD lightning sensor can detect lightning up to a radius of about 540 km (~ 300 miles). However, it is necessary to re-examine the sensor detection efficiency to see the reliability of the instrument. Detection efficiency analysis is useful in designing and building the basis of lightning network design in Indonesia. Therefore, in this study the LD detection radius was made into three of radius i.e. 0.1°; 0.5° and 1.0° as in Fig. 2 .
RESULTS AND DISCUSSION
A. Detection efficiency of lightning sensor
To see the distribution of each sensor (Jakarta and Bandung), it is necessary to analyze the distribution on the target area (labeled as "x" in Fig. 1 ). The distance of the target area is about 60 km in the middle between Jakarta and Bandung. The location of the target area is taken with the consideration that the distance between of two sensors is 120 km. Furthermore, the plot of lightning distribution is filtered within a radius of 0.1°, 0.5° and 1.0°.
The number of samples data selected for calculation is 31 (n = 31) representing daily data during January 2009.
When the analysis is done on the target area using a sensor of Jakarta at a radius of 0.1°, the Standard Deviation value is obtained, σ = 58.3. Furthermore, in the analysis using sensor of Bandung with the same radius, obtained σ = 94.3. Thus, the data distribution of both sensors is good and not homogeneous, so the data of the two sensors can generally represent the high lightning randomness or irregularity (chaos) attached to the physical process of lightning formation as described in [23] . Furthermore, the analysis of the target area shows the correlation between both sensors i.e. r = 0.57. This means, both sensors are good enough to detect the number of lightning strikes on the target area.
Besides that, when the analysis was carried out at a radius of 0.5° and 1.0° from the Jakarta and Bandung, the distribution of lightning data showed a very large value with an average of the deviation of each at radius 0.5° and 1.0° respectively i.e. σ = 698.6 and σ = 1413.2. Meanwhile, the similarity of pattern between the two sensors in the target area is also smaller with the correlation value at radius 0.5° and 1.0° are r = 0.22 and r = 0.24 respectively. A description of the correlation between the two sensors in the target area is shown in Fig 3. Cramer and Cummins (1999) have tested the National Lightning Detection Network (NDLN) for long range detection using the LF spectrum, but the detection efficiency only 10-25%. Thus, it assumed needs placed sensors at least a distance of 5-10 km. Meanwhile, Pessi and Businger (2008) calculated detection efficiency for North and Pacific i.e. 17-23% and 40-61% using Pacific Lightning Detection Network (PacNet) with 13-40 km of location detection accuracy. Other significant result of detection efficiency (86-92%) as in [4] by using Global Lightning Detection (GLD 360) with a distance 30 km.
However, Storm Tracker LD is a standalone sensor which is not integrated with a network. The detection analysis depends on how LD could detect lightning at a certain radius (km). In this case, the calculation is done by using sensor located in Bandung. Assuming the sensor location as the exact value by the number of 100% efficiency, thus the detection efficiency obtained as in Table 2 . Furthermore, based on the detection efficiency analysis LD sensor has an optimum range of lightning detection at a distance of <55 km from the sensor with the efficiency 73-75%, distance 55-110 km from the sensor has efficiency 32-37% and at a distance of 110-165 km from the sensor has 8-12% of efficiency. This calculation is based on the number of strokes on each radius of 0.1°, 0.5° and 1.0° from the target area (see Fig. 4 for the detail). 
B. The analysis of lightning location error
For the spatial analysis, a radius of 1.0° is used from the target area. The objective is to see the pattern and the distribution of CG lightning more widely either through the sensor of Jakarta and Bandung. In details, during January 2009 the lightning data was cumulatively per ten days and then analyzed as shown in Fig. 5 .
With a cumulative lightning samples from January 1-10, 2009 (see Fig. 5a and 5b) , the lightning distribution between sensors of Jakarta and Bandung shows a much different pattern. Using sensor of Jakarta, the accumulated distribution is to the northwest of Jakarta, far away from the target area. Meanwhile, the lightning distribution using sensor of Bandung is quite well localized in the target area.
However, this is certainly possible because lightning also represents the process of cloud growth, so that the pattern of lightning distribution will follow the spread of clouds around Jakarta. Meanwhile, cumulative lightning data samples from January 11-20, 2009 (see Fig. 5c and 5d ), the lightning detection from the sensor of Jakarta remains largely toward the northwest. However, a small fraction of lightning detects around the target area. Furthermore, the lightning distribution detected using the sensor of Bandung also exhibits lightning activity in the target area, although most detect in the southeast of the target area.
Meanwhile, from cumulative lightning data samples of January 21-31, 2009 (see Fig. 5e and 5f), a sensor of Jakarta and Bandung detects many lightning activities around the target area. From sensor of Jakarta, the lightning distribution is well localized around Jakarta and partly in the target area. Instead, by using sensor of Bandung, a massive lightning localized in the target area. Finally, from all cumulative data samples as in Figure 5 above, lightning distribution are not all localized in the target area. Only lightning data samples between January 21-31, 2009 ( Fig. 5e and 5f) show better distribution patterns than other samples. More detailed, 3 days lightning data from 24-26 January 2009 which has a lot of lightning activities taken for samples analysis.
Hence, a radius of 0.1° selected with a detection efficiency reaching 75% and the correlation r = 0.57 as the results obtained from the previous analysis. The number of lightning by using a radius 0.1° along 24-26 January 2009 is shown in Table 3 . There are three examples for further analysis and describe lightning position if compares between lightning sensor of Jakarta and Bandung.
First, using a sample of January 24, 2009 on a 06.00-07.00 LT, the CG lightning detected by sensor of Jakarta and Bandung, shows the difference of distribution. When detected by lightning sensor of Jakarta, the CG lightning distribution mostly located in the target area.
In contrast, when using the lightning sensor of Bandung, the CG lightning distribution mostly located around at the target area. For further analysis, the CG lightning localized using a radius of 0.1˚ around the target area. Mostly CG lightning located in quadrant 3 (Q 3 ) when detected from Jakarta and mostly located in quadrant 4 (Q 4 ) when detected from Bandung (see Fig. 6a ). Otherwise, when using a lightning sensor from Bandung, the CG lightning distribution mostly located around between target area and Bandung. When localized using a radius of 0.1˚ around the target area (see Fig. 6b ) mostly CG lightning located at Q 2 and then Q 1 when detected from Jakarta and located at Q 1 and Q 4 when detected from Bandung.
Third, using a sample of January 26, 2009 on a 13.00-14.00 LT, the CG lightning also indicating difference distribution. Furthermore, detected from the lightning sensor of Jakarta, mostly CG lightning located at the target area. Another result shown when detected from the lightning sensor of Bandung, mostly CG lightning located between target area and Bandung. If localized using radius of 0.1˚ around the target area, mostly CG lightning located at Q 2 and Q 1 when detected from Jakarta and mostly located at Q 4 when detected from Bandung (see Fig. 6c ).
CONCLUSION
The objective of this study was to analyze both sensors of Jakarta and Bandung by comparing their distribution in the target area located in the middle between Jakarta and Bandung. This analysis also try to identify detection efficiency both of sensors. Their interpretation are summarized here. The best of detection efficiency of LD located less than 55 km from the sensor with an efficiency 73-75%. The further away from the sensor, the detection efficiency decreases. Hence, the detection accuracy becomes invalid. Meanwhile, the analysis of lightning location error indicates both sensor has their typical detection itself. From several samples of data analyzed in the target area, only a few samples showed similar patterns of CG lightning distribution. Fig. 6 The distribution of CG lightning detects by using a radius 0.1˚ at the target area which is plotted from sensor of Bandung (labeled as "red +") and Jakarta (labeled as "blue +"); Q 1 -Q 4 indicates Quadrant, with a) Accumulated of CG lightning at 06.00-07.00 LT in January 24, 2009, b) Accumulated of CG lightning at 14.00-15.00 LT in January 25, 2009, and c) Accumulated of CG lightning at 13.00-14.00 LT in January 26, 2009
